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Abstract 
 
Accurately creating a 3D model of an object can be a difficult task for someone               
who is not familiar with modeling software, or if the object to be modeled has               
dimensions that are cumbersome to measure effectively. One method to generate a 3D             
model of a physical object is through the use of photogrammetry. The goal of the               
Miniature Photogrammetry Rig senior design and honors project was to design and            
build an automated photogrammetry machine that could be placed on top of a desk to               
help quickly and easily model difficult geometry with a relative degree of accuracy. In              
order to ensure this project could be designed and built properly and effectively,             
techniques and design practices learned through the various engineering courses          
offered by the University of Akron, with an emphasis on the senior level Concepts of               
Design course, were utilized. These techniques include, but are not limited to;            
morphological charts, weighted design matrices, incorporation of embodiment        
principles, material selection, and, ironically, 3D modelling. 
Through the use of the above engineering practices, a prototype of the            
photogrammetry rig has been successfully designed and built. It mechanically functions           
as it has been designed to, and takes a set of 45 pictures at different angles around the                  
object to be modelled. One can then export the photos to their laptop, and begin using a                 
photogrammetry software to generate a 3D model from the photos. From the tests             
conducted, issues have been discovered involving the photogrammetry software         
refusing to treat the physical model as a three dimensional object. A few possible              
explanations for the problem along with potential solutions will be discussed later in the              
report. 
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Chapter 1: Introduction 
 
1.1 Background 
 
GIS Resources (2014) defines classic photogrammetry as simply “the science of           
making measurements from photographs.” This science can be used by many different            
industries today, from movies and videogames to engineering and surveying. Though           
the idea of turning 2D images into a 3D model can seem like an incredibly modern                
concept, photogrammetry can be traced back to surprisingly early time periods.           
Aerometrex (2012), a company that specializes in aerial photography, mapping, and           
photogrammetry, states on their website that photogrammetry may trace its origin “as            
far back as 1480 when Leonardo da Vinci developed the concept of perspective and              
projective geometry.” However, the first use of the term “photogrammetry” was in 1867             
by German engineer and surveyor Dr. Albrecht Meydenbauer, as noted by Joerg            
Albertz (2007) in his article A Look Back; 140 Years of Photogrammetry. Meydenbauer             
had first formulated the idea for measuring buildings and architecture from photographs            
in 1858 when he nearly fell from a cathedral he was surveying. After 27 years of                
working on his idea, Meydenbauer was able to persuade the Prussian Parliament to             
fund the Royal Prussian Photogrammetric Institute, the world's first, in 1885.           
Photogrammetry has grown and developed alongside cameras ever since. 
 
1.2 Literature Search 
 
Photogrammetry is generally used in larger scale situations where multiple          
cameras or drones are used to take a large quantity of photos and then sent to                
compiling software for the modeling to be done. One limiting factor of the resolution of               
the model being created is the resolution and focus of the photos that are taken.               
Professional rigs have cameras worth thousands of dollars that take very           
high-resolution photos thus resulting in high resolution models. In our situation we are             
going to be producing a very cost friendly desktop version of photogrammetry setup but              
one that will still produce 3D models with sufficient detail. Below you can see an               
example of a professional photogrammetry rig being used to model large objects. This             
setup uses multiple high resolution cameras and takes up a full room to be utilized.  
 
 
6 
 
 
 
 
 
 
 
Figure 1: A professional photogrammetry rig (Image courtesy of ScanLab 
Photogrammetry) 
  
Through research we have discovered that there do exist homemade rigs similar            
to those that we are looking to make. There currently is no desktop scanner that uses                
photogrammetry methods to produce 3D models that are widely sold on the market. A              
popular method that is used for scanning smaller objects is through the use of laser               
scanners. Desktop laser scanning methods can cost hundreds if not thousands of            
dollars therefore a photogrammetry rig will be much more cost efficient. An example of a               
desktop scanner can be seen below. 
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Figure 2: A desktop laser scanner (Image courtesy of 3DTechSchop) 
 
This scanner produced by EIN scan is a high end product that takes up a minimal                
footprint. A scanner such as this one costs around $1200. With the use of lasers the                
scans can produce high resolution scans for 3D printing.  
While it is possible to use a cell phone camera and take photos of an object from                 
multiple angles and then upload these to a compiling software to create a model, we are                
looking to simplify the process by automating the photo taking process by just the press               
of a button as to eliminate some sources of error that arise with the aforementioned               
method. Seen below is an example of a homemade photogrammetry rig that utilizes a              
dslr camera and 3D printed parts to create 3D models. Models such as this one are                
supported on a website called openscan.eu.  
 
Figure 3: An existing homemade photogrammetry rig (Image courtesy of OpenScan) 
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1.3 Principles of Operation 
 
The most important part of photogrammetry is taking photographs of the item or             
structure to be modelled. If modelling an subject such as an object or structure,              
photographs need to be taken at a variety of angles and around the subject. If modelling                
the geological features, such as a river, photographs would ideally need to be taken              
from above the subject at a variety of heights. These photographs are then put into a                
photogrammetry software, which then aligns them by matching features together and           
guesses the position the photo was taken from. Next, the photogrammetry software            
generates a large number of points from features it sees in the aligned photos. This is                
called the dense point cloud, and begins to take the shape of the object. From here, the                 
software generates a mesh between the points in the dense cloud, creating the surface              
of the 3D model. Finally, the software projects the textures from the photos onto the               
generated mesh, and the model can be exported. 
 
1.4 Product Definition 
 
The goal for this project was to build and design a Miniature Photogrammetry             
Rig. This machine would provide an easy means of taking pictures of an object, which               
could then be used to generate a 3D model of that object. The Miniature              
Photogrammetry Rig was to be built small enough that it could be transported easily and               
be placed on the top of a table or desk. In addition to assisting with the modeling of                  
small objects, the machine would be an interesting and approachable way for students             
to learn the basics of photogrammetry.  
 
Chapter 2: Conceptual Design 
 
As stated in the Product Definition section above, the goal for this project was to               
build and design a Miniature Photogrammetry Rig. This machine would be compact            
enough to be placed on the top of a desk or table, with dimensions no larger than two                  
foot for length, width or height. The primary purpose of the Miniature Photogrammetry             
Rig would be to assist with quickly modeling a small object with relative accuracy. The               
budget for this project was set to be less than $300. The Miniature Photogrammetry Rig               
was to be powered by two stepper motors controlled by a Raspberry Pi 4, which was                
programmed specifically for this project. A majority of this project consists of parts that              
were custom modeled in SolidWorks, sliced in Cura, and printed on an Ender 3 Pro 3D                
printer in PLA plastic. Each of the subassemblies are mounted to a plywood board that               
has been cut, sanded, drilled, and painted. Ideally, the Miniature Photogrammetry Rig            
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would be used by students to help model objects with difficult geometry, and also to               
teach students about the science of photogrammetry and its applications. The Miniature            
Photogrammetry Rig was to be completed by the end of the Spring 2020 semester at               
the University of Akron. 
To begin the conceptual design stage of the project, the Basic Function Structure             
Diagram was first created. This diagram shows the inputs and outputs of the future              
design. It was determined that the inputs for the Miniature Photogrammetry Rig would             
be a small physical object that the 3D model would be based on, a source of electricity                 
to power the machine, and an initialization signal to start the machine up. The output of                
the Miniature Photogrammetry Rig would be a digital set of photos taken of the object at                
various angles. These photos would be exported to a personal laptop or other computer              
to be processed by a photogrammetry software. For this project, the photogrammetry            
software used was Autodesk Recap Photo. 
 
 
Figure 4: The Basic Function Structure Diagram showing the inputs and outputs of the 
machine 
 
Once the Basic Function Structure Diagram had been created, the next step was             
to flesh out the individual steps that the Miniature Photogrammetry Rig would take to              
function properly. These steps would be outlined in the Detailed Function Structure            
Diagram. To begin, the rig, and therefore the controller for the rig, would need to be                
energized. This would require electricity for power and an energizing signal to turn on              
the rig. The object to be modeled would need to be loaded onto the platform next. Then,                 
the controller could be told to run the program, beginning the photo taking process. The               
program would move the camera, the platform, or both into the desired position. Then,              
the camera would take a picture. If the program is not complete, it would continue to run                 
10 
and repeat the positioning and picture taking process until it is finished. Once the              
program ends, the positioning and picture taking process is finished and the photos             
would be exported.  
 
 
Figure 5: The Detailed Function Structure Diagram showing specific functions made by 
the machine 
 
Next, the functions and potential mechanisms of the Miniature Photogrammetry          
Rig were analyzed. To provide a visualization and help accurately convey ideas, a             
Morphological Chart was created. The different functions and mechanisms considered          
for this project were the type of platform used to hold the object to be modeled, what                 
directions the camera would move, what mechanism would move the camera, what kind             
of background would be provided for the operation, how many motors would be used to               
move the machine, and what would control the whole operation. The options considered             
for the type of platform to be used included a stationary design, a rotating design, and a                 
tilting design.The options for the directions of camera movement were horizontal,           
vertical, or a combination of both horizontal and vertical. The options for what             
mechanism would position the camera were either a moving arm or a track the camera               
could be mounted on. Options for the background consisted of either a uniform             
backdrop, or no backdrop at all. The choice for the number of motors for the project was                 
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between two or three. The final decision was whether the project would be controlled via               
an Arduino or a Raspberry Pi. 
 
 
Figure 6: The Morphological Chart showing the different design choices considered for 
the project 
 
Using the different elements from the Morphological Chart, various rough          
concepts were able to take shape. The Ring Concept incorporates a rotating platform,             
vertical camera movement, camera positioning via a track, no backdrop, two motors,            
and a Raspberry Pi controller. Similar to the Ring Concept, the Curve Concept also              
uses a rotating platform, vertical camera movement, a track for positioning the camera,             
two motors, and a Raspberry Pi controller. However, the Curve Concept uses a             
backdrop and does not incorporate a complete ring. The Single Arm Concept Uses a              
rotating platform, vertical camera movement, an arm for camera positioning, a           
backdrop, two motors, and a Raspberry Pi controller. The Double Arm Concept is             
similar to the Single Arm concept, with the only differences being that the Double Arm               
Concept uses three motors instead of two and an Arduino instead of a Raspberry Pi.               
The Planetary Concept incorporates a stationary platform, a combination of horizontal           
and vertical camera movement, tracks to position the camera, no backdrop, two motors,             
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and an Arduino as a controller. The last design, the Tilt Concept, uses a tilting platform,                
horizontal camera movement, an arm to position the camera, a backdrop, three motors,             
and an Arduino as a controller. 
 
 
Figure 7: Sketches of concepts considered for the project 
 
After generating six different rough concepts, the next step was to compare and             
rank the designs. This would help quantify how viable each potential concept was. To              
do this, a Weighted Design Matrix was created. This matrix allowed a numerical weight              
to be assigned to design criteria and each concept to be scored based on those criteria.                
To decide which criteria each concept would be considered in selecting the final design,              
an Objective Tree was created. The main criteria considered in the Objective Tree were              
Manufacturability, Simplicity, and Compactness. The subcategories for the criteria in the           
Objective Tree were material cost, 3D printability, ease of use, few moving parts, small              
parts, and limited range of motion.  
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Figure 8: The Objective Tree showing factors considered in the Weighted Design Matrix 
 
Using the Objective Tree, appropriate weights were assigned to each of the            
criteria and the concepts were then compared to one another. Each concept received a              
score out of ten for each of the criteria. These scores were then multiplied by the criteria                 
weight to generate a weighted score. The weighted scores for each concept were then              
summed up. The Ring Concept received a score of 10 points, the Curve Concept              
received a score of 25 points, the Single Arm Concept received a score of 30 points, the                 
Double Arm Concept received a score of 18 points, the Planetary Concept received a              
score of 6 points, and the Tilt Concept received a score of 16 points. The Single Arm                 
Concept scored the highest, so its design was chosen for the project. 
 
 
Figure 9: The Weighted Design Matrix used to select a final design 
 
Chapter 3: Embodiment Design 
 
Once a final design was selected from the rough concepts that had been             
generated in the Conceptual Design phase, the details of the chosen concept could             
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begin to be fleshed out in the Embodiment Design phase. In this stage, the layout of the                 
Miniature Photogrammetry Rig took shape, Failure Mode and Effects Analysis was           
performed, the materials for construction were selected, preliminary calculations were          
performed, and methods for construction were chosen.  
First, a Schematic Diagram was created in order to break the Miniature            
Photogrammetry Rig down into its subassemblies and make it less difficult to visualize.             
It was determined that the six main components of the rig were the Backdrop Assembly,               
the Raspberry Pi Assembly, the Arm Support, the Turntable Assembly, the Baseboard,            
and the Arm Assembly. The Backdrop Assembly could be further broken down into the              
paper backdrop and the supports for the backdrop. The Raspberry Pi Assembly could             
be broken down into the top of the Pi case, the Pi itself, and the bottom of the Pi case.                    
The Turntable Assembly could be broken down into the platform, a coupler, and a              
Stepper Motor Module. This module could be separated into the motor and its housing.              
The Arm Assembly could be broken down into the Camera Module, the arm, a coupler,               
another Stepper Module, and the tower. The Camera Module would consist of the front              
and back of the camera case and the Pi camera in between. This Stepper Module               
would have a motor and housing, similar in makeup to the previously mentioned             
Stepper Module. 
 
 
Figure 10: The Schematic Diagram outlining the basic structure of the machine 
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Once the basic structure of the Miniature Photogrammetry Rig was broken down            
and detailed, the stepper motors, Raspberry Pi, and the Raspberry Pi camera were             
purchased. This allowed for the project to begin to be modeled in SolidWorks. The              
purchased parts were thoroughly measured in order to be accurately modeled, and the             
rest of the Miniature Photogrammetry Rig was modeled around them. As the individual             
parts were modeled, the layout of the machine began to take shape. This not only               
created a visual indication for what the Miniature Photogrammetry Rig would look like,             
but also provided major dimensions for the project and confirmed that the project would              
be compact enough to meet the size constraints previously set. 
 
 
Figure 11: The Configuration Design Drawing showing the layout and major dimensions 
of the project 
 
As each part was designed and the layout of the Miniature Photogrammetry Rig             
was created, two main embodiment principles were focused on. The rig was designed             
to have unambiguous functions, meaning the use of the machine was to be clear and               
straightforward. Ideally, all an operator would need to do would be to load an object               
onto the platform, run the program, and export the photos. The rig was also designed to                
feature a division of tasks. This would make the rig easier to work on, easier to adjust                 
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and fine tune, and easier to replace or repair parts. A clear example of this is how one                  
motor is responsible for rotating the object and the other motor is responsible for              
positioning the camera. These motors are in separate modules and can be replaced             
individually and without difficulty. 
At this point in the design process, the materials that would be used in the               
construction of the Miniature Photogrammetry Rig and the methods to manufacture the            
designed parts were determined. The baseboard would be a two foot by two foot piece               
of plywood that had a thickness of three quarters of an inch. This piece of plywood                
would be cut to size using a table saw, holes would be drilled in the appropriate spots,                 
the edges would be sanded, and finally the baseboard would be painted. The backdrop              
would simply be a sheet of cardstock paper. This would provide a uniform background              
for the photographs and be rigid enough to maintain form with little support. The rest of                
the rig, excepting the motors, camera, and Raspberry Pi components, were to be 3D              
printed in PLA plastic. The rigid PLA plastic was ideal for creating lightweight and strong               
parts for the rig, and 3D printing on a Creality Ender 3 Pro was perfect for custom rapid                  
prototyping. 
It was also at this stage when different methods for connections were considered             
and chosen. Initially, it was planned that the camera arm and photogrammetry platform             
were to be attached to their respective motor shafts with a metal and plastic adhesive,               
but this connection idea was soon replaced by a coupler design. The couplers would              
feature two holes in which M4x10 bolts could be screwed in, effectively connecting 2              
shafts. This connection choice would also allow the platform or arm to be quickly and               
easily replaced if need be. Another connection used in the project was a combination of               
bolts, washers, and nuts. This connection method was used to join multiple thin parts,              
and can be seen in the Camera Module and the interface between the motor housing               
and the tower. Similarly, M3x6 bolts were used to connect the motors to their housings.               
To join the parts to the baseboard, number 8 wood screws and M4 washers were               
utilized. These wood screws ensured that the rig was strongly connected together, but             
individual assemblies could be removed and replaced.  
 
 
Figure 12: A sketch of a coupler connection used in the project for connecting shafts 
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Figure 13: A sketch of a bolt, two washers, and a nut used in the project for connecting 
thin materials 
 
 
Figure 14: A sketch of a wood screw and washer used in the project to connect a thin 
bracket to a piece of wood 
 
Next, the Failure Mode and Effects Analysis was conducted and the results were             
tabulated for reference. The purpose of conducting this FMEA was to identify potential             
ways the Miniature Photogrammetry Rig could fail, and how severe the effects of these              
failures would be. First, the entire process of generating a 3D model from a physical               
reference object was broken down into 5 distinct steps: loading the object, running the              
program, taking the photos, exporting the photos, and processing the photos in a             
photogrammetry software. Then, the most likely potential failure mode for each step            
was identified along with their respective effects. These modes of failure ranged from             
the object not being placed correctly on the photogrammetry platform to the            
photogrammetry software not being able to process the exported photos correctly, and            
a majority of the effects of the failure modes resulted in the 3D model not generating                
properly. The severity, potential causes, process controls, and how hard the issue was             
to detect were noted as well. The scores for Severity and Detection were then multiplied               
for each failure mode to generate a Risk Priority Number, which would serve as a               
numerical representation of how much of a risk each failure mode created. The final              
step of the FMEA process was recommending actions that could be taken in order to               
resolve or avoid each failure mode. 
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Figure 15: The Failure Mode and Effects Analysis Table outlining potential machine 
failures and their effects 
 
In order to properly select the stepper motors that would be used we had to               
calculate the amount of power that would be utilized by the motors and check that it                
would not exceed the power provided by the motor controller. Power provided by the              
motor controller was 1000 mA. The stepper motors that were selected would draw a              
max current of 350 mA at any given time. This meant that the maximum amount of                
current that would be needed to power the stepper motors at any given time would be                
750 mA. This kept us well under the maximum available current of the power supply               
limiting the chance of burning out either the motors or the control board. The stepper               
motors and power supply were both rated at 12V which was optimal so that the stepper                
motors could run at maximum torque. The stepper motors that we selected had a              
specification of 200 steps per rotation. Knowing that it took 200 steps for a full rotation                
we were able to perform very basic calculations to determine how many steps had to be                
taken per code iteration so that 8 pictures would be taken at each angle. Same can be                 
said for the angle that the camera would rotate for each of the 3 code iterations.  
To complete the software side of this project we had to determine what the best               
operating system and code language to use with the raspberry pi. We chose to go with                
a raspbian operating system that was preloaded with the ability to run python. Python              
was the code of choice to be used due to compatibility with both the raspberry pi and                 
the stepper motors. The final code that was used for this project can be seen in the                 
appendix. In order for us to be able to remotely control the photogrammetry rig we               
utilized a program called VNC viewer. This free program allowed for the raspberry pi to               
be controlled from a laptop as long as the two devices were connected to the same                
Wi-Fi signal. The VNC viewer also gave us the ability to transfer the files of the pictures                 
that were taken wirelessly to the computer to be able to be combined in the AutoDesk                
Recap software.  
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Chapter 4: Detail Design 
 
Parts that could not or did not need to be custom designed and manufactured              
were purchased. The 8x1/2 wood screws used to secure the various parts and             
assemblies to the baseboard were ​Reliable Hardware Company RH-5112BO-A Truss          
wood screws purchased off of Amazon. The cardstock used for the photogrammetry            
backdrop was a single unit from a pack of Darice GX-2200-18 20-Piece Card Stock              
Paper, 12 by 12-Inch, White cardstock ordered off of Amazon. The various nuts, bolts,              
and washers used for the project were part of the M2 M3 M4 Alloy Steel Screws Nuts                 
and Washers 1200PCS, Sutemribor Hex Socket Head Cap Bolts Screws Nuts Washers            
Assortment Kit with Hex Wrenches purchased off of Amazon.The Raspberry Pi 4 2GB,             
two Adafruit 324 Hybrid Bipolar 12V Stepper Motors, and the Raspberry Pi Camera             
Module V2 913-2664 were all purchased off of Digi-Key Electronics. The quantity of             
each part used as well as the estimated cost for the parts is listed in the Bill of Materials. 
 
 
Figure 16: The Bill of Materials for the project, listing each part used and the 
approximate total price 
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As the Miniature Photogrammetry Rig was modeled in SolidWorks, drawings          
were made of each part used in the project. These drawings can be found in the                
Appendices section at the end of the report. 
After all of the parts had been purchased, printed, or prepared, the Miniature             
Photogrammetry Rig could be constructed and tested. Construction was uncomplicated          
and the completed rig looked exactly as the SolidWorks model and drawings predicted it              
would. Once fully constructed, the camera lense was manually focused on the object             
and the program to automate the photo taking process was run multiple times and              
adjusted as needed in order to ensure the photos taken were acceptable. After tuning              
the rig, it functioned mechanically without any further issues. However, it was found that              
photogrammetry software, Autodesk ReCap Photo, was not correctly processing the          
exported photos. The use of other photogrammetry softwares, such as Agisoft           
Metashape and 3DF Zephyr, were tested to see if they could process the exported              
photos, but produced similar results. Various fixes for the issue were tried, including             
changing the number of photos taken, removing the backdrop, and even manually            
eliminating the background of each individual photo using the image editing software            
GIMP. Ultimately, each and every action taken had no effect on the processing of the               
photos taken, and the Miniature Photogrammetry Rig project has yet to produce            
pictures that can be generated into a 3D model. 
 
 
Figure 17: A few views of the completed Miniature Photogrammetry Rig prototype 
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Chapter 5: Discussion 
 
The Miniature Photogrammetry Rig’s inability to provide photos acceptable         
enough to generate a 3D model of the test objects reveals that there is work still to be                  
done. It is believed that this issue stems from the design choice to have the test objects                 
spin in front of the camera instead of having the camera revolve around the test object.                
Normally, the photogrammetry software uses the details in the changing background of            
each picture as positional reference when generating a 3D model. Having the object             
spin in front of the camera resulted in the background and lighting of the photos               
remaining static, which in turn resulted in the photogrammetry software failing to            
generate enough points to properly form a dense point cloud or 3D model. One potential               
fix for this issue would be to put the rig in a lightbox or use professional grade lighting in                   
such a way as to trick the photogrammetry software into ignoring the background and              
lighting all together. Another solution that would be more difficult to implement but             
potentially more certain to solve the problem would be a complete redesign in which the               
Miniature Photogrammetry Rig would feature a fixed platform and a revolving camera.            
This would provide photos with varying backgrounds and lighting and allow the            
photogrammetry software to generate a 3D model more effectively. Due to time            
constraints, neither of these solutions could be tested or tested.  
 
 
Figure 18: Failed 3D models generated by the Miniature Photogrammetry Rig 
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Chapter 6: Conclusions 
 
In conclusion, the goal of the Miniature Photogrammetry Rig project was to            
design and construct a compact photogrammetry rig that could quickly and easily create             
accurate 3D models of small physical objects. This could be valuable when trying to              
model difficult geometry, or to simply teach students about the science of            
photogrammetry. The rig was designed, modelled, programmed, and built, featuring          
custom 3D printed parts and code written specifically for the project. When tested, it              
became apparent that even though the rig mechanically worked and was able to take              
photos as designed, the photos taken were not able to be processed into 3D models.               
This is most likely due to the design choice to have the object rotate in front of the                  
camera instead of having the camera revolve around the object. The current design             
takes photos where neither the lighting nor the background changes substantially from            
picture to picture, preventing the photogrammetry software to use these elements for            
positional reference and making 3D model generation difficult. Further work and           
potential solutions for this issue could be the incorporation of a lightbox or professional              
lighting, or a redesign of the rig in which the camera revolves around the stationary               
object. 
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Appendices 
 
Raspberry Pi Python Code: 
 
from picamera import PiCamera 
from time import sleep 
from adafruit_motor import stepper 
from adafruit_motorkit import MotorKit 
import time 
  
kit = MotorKit() 
  
kit.stepper1.release() 
kit.stepper2.release() 
  
camera = PiCamera() 
  
camera.start_preview() 
  
for i in range(16): 
  
sleep(0.1) 
  
camera.capture('/media/pi/KINGSTON/scan/RowOne%s.jpg' % i) 
  
for i in range(25): 
  
 kit.stepper2.onestep(style=stepper.INTERLEAVE) 
  
time.sleep(1) 
for i in range(25): 
  
kit.stepper1.onestep(style=stepper.INTERLEAVE) 
  
time.sleep(2) 
  
for i in range(16): 
  
25 
sleep(0.1) 
   
camera.capture('/media/pi/KINGSTON/scan/RowTwo%s.jpg' % i) 
  
for i in range(25): 
  
 kit.stepper2.onestep(style=stepper.INTERLEAVE) 
  
for i in range(25): 
  
kit.stepper1.onestep(style=stepper.INTERLEAVE) 
  
time.sleep(2) 
  
for i in range(16): 
  
sleep(0.1) 
  
camera.capture('/media/pi/KINGSTON/scan/RowThree%s.jpg' % i) 
  
for i in range(25): 
  
 kit.stepper2.onestep(style=stepper.INTERLEAVE) 
  
  
camera.stop_preview() 
  
time.sleep(1) 
  
for i in range(50): 
  
kit.stepper1.onestep(direction=stepper.BACKWARD, 
style=stepper.INTERLEAVE) 
  
kit.stepper1.release() 
kit.stepper2.release()  
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